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ABSTRACT

The sea surface temperature (SST) determined by remote sensing tech-
nique refers to the skin temperature of the sea surface, while the SST
measured by conventional method employing a bucket thermometer gives the
temperature of the water in the upper 1 metre water column below the sea
surface. A thermal infrared scanner developed by the Space Applications
Centre (ISRO), Ahmedabad was operated on board RV Gaveshani in April/May
1984 for mépping S5ST over the eastern Arabian Sea. SST values recorded by
this device during the cruise are compared with those determined by con-
ventional bucket thermometer and the results are discussed. The difference
between the temperature values from the thermal scanner and those from the
bucket thermometer varied from +1°K to ~1°K in the present study.
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INTRODUCTION

Sea surface temperature (SST) is one of the important parameters
required for various meteorological and oceanographic studies. Measurement
of SST over a large area with an accuracy of 0.2°K is very much useful for
air-sea interaction studies, long-range weather prediction, pollution moni-
toring etc. This can be achieved by remote sensing through infra-red scan-
ners. The infra-red scanners on board satellites and aircrafts measure the
skin temperature of the sea surface, whereas the conventicnal ship board
measurements employing an insulated bucket thermameter give the tempe-
rature of the water in the upper 1 metre below the sea surface. The skin
temperature of awater body is usually colder than the subsurface turbulent
layers. This has been demonstrated by numerous authors (Paulson and
Parker, 1972; Hill, 1972 and Katsaros, 1977) in the laboratory experiments
as well as field observatians {Nichalls, 1979; Ewing and McAlister, 1960;
Schooley, 1977 and Simpson and Paulson, 1980) for various environmental
conditians. In the present study an attempt has been made to compare the
skin temperature of the sea surface, measured by a2 thermal infrared scanner
with the SST obtained by conventional shipboard measurements.

* Address: Space Applications Centre (ISRO), Ahmedabad 380053.
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MATERIAL AND METHODS

Description of the scanner and operation: A thermal _infrared scanner
developed by the Space Applications Centre, Ahmedabad, was us_ed for
mapping sea surface temperature over the eastern Arabian Sea during the

136th cruise of R V Gaveshani from 25 April to 3 May, 1984. The scanner .

was mounted on a boom on the star-board side of the ship in such a way
that it is located at a height of about 5 metres from the sea surface
and 5 metres away from the ship's side in order to minimise the effects of
sea spray and ship's radiation.

The scanner works in 10.5 to 12.5 um band. It has a large instantaneous
field of view (IFOV) of 100 milliradians and its total field of view (FOV) is
459 with respect to nadir. A scan mirror of 5 cm in diameter, which can be
rotated at a speed of 0.2 rps, is used. The scanner uses a pyroelectric
detector for sensing the thermal infrared radiations. 1t has a temperature
resolution of about 0.2°K at 300°K,
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Fig.1. Schematic diagram of Slow Scan SST scanner

A schematic block diagram of the scanner is shown in Fig.l. A single
synchronous motor is used to rotate the chopper and a scan mirror. The
two are coupled through gears to get the proper rotation speed of 5 and
0.2 rps respectively. The gold plated mirror makes an angle of 45% with
an optical axis of the lens. During its rotation it looks at the scene radiation
as well as the two black body reference sources and housing. These radi-
ations are collected by a germanium lens and focussed into pyroelectric
detector. An interference filter is put before the pyroelectric detector to
select only 10.5-12.5um band. The scanner has two black bodies, one cold
(Cgg) maintained at 15°C and another a hot black bady (Hgg) maintained at
40°C. The chopper provides a very good S/N ratio at a frequency of 35 Hz.
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The detectar then converts these radiations into electrical signals which are
then amplified, processed and digitized and recorded on a digital tape
recorder.

The principle of operation of the scanner is similar to other scanning
radiometers. When mounted on a moving platform like a ship, the scan
mirror rotates in a plane perpendicular to the platform forward velocity.
The scan direction of the mirror gives one dimension of the imagery
the other being obtained by the platform forward velocity. ’

Calibration of the scanner: The infrared scanner must be stable and
well calibrated for accurate measurement of SST since a very small error
in the absolute radiance can lead to very large temperature errors (Robin-
son, 1985). Pandya and Mathur (1984) have shawn the following relationship
between the final output and the scene temperature (Tsc) as given below:

Ty = C2/A we (1)

ln[ +—C-1[ ‘
XS (Dsc/oh)+(wh'wc)+ WC

where Tsc — observed temperature of the scene, Dy, — digital counts referring
to scene, Dnh— digital counts referring to Hgp, W -radiant emittance
from the Hpg, Wy, — 0.00359715 W/cm*“u at 312.65°K, W — radiant
emittance from Cgg, W, — 0.00251023 W/cm? at 288.20°K, C1 -
3.7615x 10 W/em?y, and C2 — 1.43879x 10" poK.

The equation 1 was derived with the following assumptions: (a) That
the atmosphere does not affect the radiation travelling from the scene to
the scanner, (b) the radiation from a pixel at nadir and pixels at the ex-
treme will travel along different paths and (c) the emissivity of Cobs Hen
and the scene (water) is unity.

RESULTS AND DISCUSSION

The scanner was operated in 4 areas along the cruise track (Fig.2).
Simultaneously, SST was measured by using an insulated bucket thermometer
in order to prevent heat losses and cooling of the water due to evaporation
and the data on environmental conditions were noted. The data recorded
by the scanner on /2 inch CCT was further processed to derive the most
probable temperature {Tmost) in each frame of 50 records (duration 250 sec)
and its frequency of occurrence and standard deviation. Figs.3 to 6 show
values of Tmost, frequency and standard deviation for the areas 1 to 4.
The maximum value of Tmost was abserved in area ! (306°K) and the mini-
mum value in area &4 (3019K), Maximum variation in the Tmestvalues as well as
in the standard deviation were observed ir area 1. The standard deviations
in other areas were very small showing the high repetitive nature of skin
temperature measured.

Table 1 gives the comparison of temperature values from ship-
borme infrared radiometer (Tein) and bucket thermometer ({Tgst ) Air
temperature (Taj ), time of observation, surface wind speed and
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Table I — Comparison of temperature values (°K} from 1R scanner and
bucket thermometer.

Surface Cloud

Time .
Location T T AT T wind speed type &
sidn 55T AR (ST (m/sec) amount

150 22'N 304.93 303.%96 0.97 303.16 1145 1.2 -
73° 40'E
13° S2'N 303.20 303.16 0.04 301.96 2345 7.7 -
73° 30'E
100 32'N  304.09 303.36 0.73 303.46 1800 9.3 St & Cu; 3/8
72° 36.5'E

- 303.44 303.36 0.08 303.06 1500 3.1 St & Cu; 3/8

— 302,35 303.16 -0.81 302.96 2000 3.8 -

- 302.64 303.217 ~0.57 302.96 2030 8.5 -

- 302,93 303.26 -0.33 302.96 2100 7.2 -

— 303.03 303.26 -0.23 302.66 22060 1.2 -

- 303,39  303.06 0.33 302,56 2300 7.2 -

- 302.90 303.21 -0.42 302.66 2330 7.0 -

— 302.55 303.16 -0.61 302.66 0000 6.7 -

— 302.45 303.26 -0.B1 302.66 0100 5.2 -

- 302.11  303.26 -1.05 302.16 0200 6.2 -

- 302.44 303.16 -0.72 302.46 0300 6.2 -

- 302.88 303.16 -0.28 302.66 0400 7.7 -

- 302.28 303.16 -0.88 301.66 0500 6.7 -

Table 11 —Values of AT deduced by various authors (adapted from Rabinson,

1985).
Authors AT (oC) Location Conditions during obser-
vatians
Nicholls (1979) -0.5 to +0.3 At Sea Low to moderate wind
and waves
Paulson & Parker -1.14 to -1.81 Laboratory No Waves
(1972)
Ewing & McAlister -0.6 At Sea Low winds, night time
(1962)
Hill (1972) 1) -0.1 Low wind, no surface film
: 2) -0.2 Laboratory Low wind, surface film prese
3) -0.1 i Higher wind conditions
Katsaros (1977) 1) -0.4 te -2.4 Laboratory No wind
_ 2) Upto -3.4 Reservoir No waves
Kropotkin (1978) 1) 5.0 At Sea Calm, 1mm oil slick.
2) -1.0 At Sea Sea state 3, 1 um oil slick
Schooley (1977) 1) -0.2 At Sea 2.5m/sec wind, no cloud.
2) 0.0 At Sea Under cloud shadow,
Simpson and -0.15 to -0.30 At Sea Winds: 5 to 9 m/sec.
Paulson (1980)
Grass! (1976) -0.17 to -0.21 At Sea Winds: 1 to 10 m/sec.
Woodeock & -0.50 to -1.00 Reservair Calm, night time
Stommel (1947}
Present study -0.23 to -1.00 At Sea Winds: 7 to 9 m/sec,

night time.
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clouds (type & amount) are also given. The AT values (Tg, -Test ) varied
from +1 to -19K. The results obtained agree with the study of Saunders
{1967) who stated that the AT values were independent of wind speed
for small values of infrared flux. The AT values obtained in the present
study are also compared with those obtained by other authors under various
environmental conditions (Table II).

From this study it is observed that the thermal infrared scanner can
be used to map the SST with fairly good accuracy. The values of skin
sea surface temperature given by the infrared scanner are lower than con-
ventionally measured SS5T values by 0.2 to 1.0°K under moderate winds
during night time,
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